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Japan’s new wave silicon 
carbide foundries
The cold winds signalling the beginning of
the Japanese winter of 2003 were accompa-
nied by a flurry of newspaper articles
describing developments in silicon carbide,
a material whose physical properties are
more suited for hotter environments. 
Science historians will record that these
newspaper reports were in fact declarations
by Japanese entrepreneurs of their intention
to lead the world in the manufacture of semi-
conducting silicon carbide substrates and
related electron devices. Most of the news-
paper reports were about 'venture compa-
nies', with less than 25 employees, 
as opposed to the mammoth corporations
that have traditionally led the way in the
development of semiconductor devices 
and materials. 
Statistical forecasts are useful for a general
numerical image of the potential of SiC
technology.
But what do the actual innovators and
entrepreneurs think about the future?
What’s happening in their foundries and
executive meetings? What are their
aims, key technologies and business
plans? Will they all survive? Will these
minnows become the giants of a new
industry?   
This article is based on interviews with the
leaders of three ambitious venture compa-
nies working on SiC substrates and related
devices.The conversations bridge the gap
between statistics and reality about the
future trends of silicon carbide.
Hoya Advanced
Semiconductor
Technologies Co Ltd
Hoya Advanced Semiconductor
Technologies Co Ltd, (HAST) was estab-
lished in May 2002 with a mission to
manufacture 3C-SiC substrates. Dr
Hiroyuki Nagasawa is executive manag-
ing director and CTO.
What have been the main developments
during the last year?
Nagasawa:We have increased the number
of staff.We now have 21 full time and 4
part timers.
Most are experienced engineers from
other companies.We expect to increase
our group to about 30 people in the next
couple of years.
In terms of our manufacturing capacity,
we can now produce 100, two inch 3C-
SiC wafers per month (wpm) and will
soon increase this to 300, two inch
wpm.
What technological issues still remain
to resolve?
We have been working hard to reduce
bowing across the 2 inch substrates and
have managed to decrease it from 2mm
to 300 microns by careful control of
growth conditions.
Do you have plans to produce larger
sized substrates?
We are able to produce 6 inch, but the
main demand at the moment is for 2
inch substrates.We will concentrate on
homoepitaxial n- on n++ for shipment by
March 2004.
What competitive edge does your tech-
nology have over other SiC substrates? 
We are currently producing n++ subs (N-
doped), n-, undoped substrates.We are
also working on n- homoepitaxial wafers
which will be important for MOSFET
power devices.
Our substrates are mainly being used for
research level of work at the moment.
Potential applications include devices
for use as inverters in domestic electri-
cal appliances and electric cars.We
think that our substrates are particularly
suited for devices operating at voltages
of about 600V, not the high kilovolts
range.That is, a high breakdown voltage
as opposed to high current carrying
capacity.
We expect that the high channel mobili-
ty of 3C-SiC MOSFETs will be the key fea-
ture of this technology that cannot be
emulated by other polytypes.A recent
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report by the JAERI and AIST groups on
3C-SiC MOSFETs described the realisa-
tion of a channel mobility of 260 cm2/
cm2 and breakdown voltage of 8.5
MV/cm (T. Ohshima et.al: Jpn. J.Appl.
Phys; 42, 625-627, 2003).These devices
were fabricated using our substrates and
have made us even more confident that
cubic silicon carbide will be a commer-
cial success.
HAST is a wholly owned subsidy of
Hoya Corporation.What other sources
of funding have you attracted? 
We were given financial support of
¥300m by NEDO for FY2003  to develop
technology for producing SiC related
devices using 3C-SiC wafers with
homoepitaxial layers.
Medium term plans?
We are aiming to mass produce 300 to
400 micrometer thick, six inch substrates
by 2007 with a sales price of about
$1,000 per wafer.We do not anticipate
any major difficulties in achieving these
goals.
What kind of competitors and specific
markets do you envisage? 
We welcome new players. But we are the
only ones manufacturing cubic SiC.Also,
we have recently started a collaboration
with Sumitomo Mitsubishi Silicon
Corporation (SUMCO) on wafer produc-
tion technology (http://www.sumcosi.
com/english/index.html).
SUMCO has technological experience of
manufacturing, quality control and char-
acterisation of large diameter Si wafers,
as well as the sales network.We expect
that a large fraction of the present silicon
users will be our future customers.
But the precise size and nature of the
market is almost impossible to define
accurately. It’s a continuous process of
searching for potential device markets.
We collaborate with device manufactur-
ers and listen to their demands and feed-
back.The potential is very wide ranging.
New fields such as nanotechnology,
MEMS and biotechnology could produce
new applications for our technology.We
are taking it day-by-day and concentrat-
ing on fine tuning our current tech-
nology to be able to produce high quali-
ty 3C-SiC substrates of a size, structure,
volume and cost to meet market needs.
Company Profile
Hoya Advance Semiconductor
Technologies Co Ltd 
Established: May 20, 2002  
Capitalisation: ¥350, 000, 000  
Address: HOYA Corporation, 3-3-1
Musashino, Akishima-shi,Tokyo,
196-8510, Japan. 1-17-16 Tanashioda,
Sagamihara-shi, Kanagawa 2-29-11-25,
Japan
URL: http://www.hast.co.jp/e/index.html
SiXON Ltd
Dr Hiromu Shiomi is the Chief
Technology Officer of SiXON.
What is the background to the estab-
lishment of this venture company?
Shiomi: SiXON was set up in 1998. Before
SiXON, I worked at Sumitomo Electric on
the fabrication of FETs using CVD dia-
mond. And prior to Sumitomo Electric, I
was a student at Kyoto University where
I worked on the growth of cubic SiC by
atomic layer epitaxy.That was in 1987,
which is coincidentally when Cree was
set up. Unfortunately, in Japan there were
no moves to set up such venture busi-
nesses based on SiC technology.
At Sumitomo Electric, we were probably
the first group in the world to fabricate a
diamond FET. However, in order to com-
mercialise this technology we needed
inexpensive, large area substrates. My
background was electrical engineering
and the production of substrates
required an in depth knowledge of mate-
rials science, so I asked my company for
a sabbatical to carry out research on this
topic at Stanford University, where I
eventually got my doctorate.
When I got back to Sumitomo Electric I
designed a growth reactor for producing
large area diamond substrates. I managed
to produce 4 inch substrates which were
used for fabricating SAW filters. But I was
still eager to work on power devices and
I wrote several proposals on initiating
the development of SiC substrates for
power devices.This was 1997, when the
Japanese economy was not doing well
and corporations were cautious about
starting new risky projects.Also Cree
dominated the SiC market and seemed
invincible. My proposal was not
approved.
Did you decide to set up your own com-
pany after this?
Not immediately. I did not have the capi-
tal to set up such an enterprise. But a
Silicon Carbide
SiXon bulk SiC furnace
p35-39.qxd  27/02/2004  14:35  Page 36
Silicon Carbide M A R K E T A N A L Y S I S
www.three-fives.com 37
short time after this decision I attended
a gathering of Stanford University gradu-
ates living in Japan and met Professor
Ken-ichi Imai, an economist. I told him
about my work and its importance as a
technology for manufacturing energy
efficient devices and systems. Japan has
very limited natural resources so the
procurement and conservation of ener-
gy is always important for industry.
Professor Imai was impressed by my
plans and suggested setting up an inde-
pendent company and arranged for me
to give a talk at a gathering of business-
men in Kyoto, some of whom provided
the financial investment to set up
SiXON in July 1998.
What do your consider as being the
main applications of your substrates?
Our main products are 4H and 6H sub-
strates and epitaxial SiC grown on these
substrates for power device applications.
The device applications are inverters
used in hybrid electric and the fuel cell
automobiles. Needless to say, the GaN
device market for LEDs is also a target.
However, we are focusing on power
devices for products related to energy
generation and conservation.
I think that the efficient use of power
will be an important factor in the devel-
opment of hybrid electric automobiles
and portable telephones.The low power
consumption of SiC devices will be
important for the expansion of such mar-
kets, where for example, a car that travels
a maximum distance of 200km using Si
technology may be able to travel twice as
far using SiC. So power modules in cars,
PCs, and mobile telecommunication
equipment is potentially a huge market
for SiC power devices. SiC devices will
add value to such technology.
Mobile technology requires high device
packing density to produce compact
products.And as we know, packing con-
ventional silicon devices very close to
each other can lead to increases in tem-
perature and ultimately degradation of
the devices. But since SiC devices are sta-
ble are even very high temperatures, it
will be possible to increase integration
density without loss of device perform-
ance even at elevated temperatures.
What is the size of the market for SiC?
Difficult to say, but the silicon substrate
market is ¥600bn/year of which ¥100bn
is power devices. Recently, demand for
inverter technology has been increasing
rapidly.We think that by 2010 the market
for SiC substrates will be about
¥100bn/year.As a comparison, the pres-
ent GaAs market is about ¥60bn. So I
expect that the SiC market will be larger
than GaAs by 2010.
The market for our substrates can be
understood as follows.We can consider
an automobile being made up of three
main sections: the battery, power module
and motor.We think that the power mod-
ule will be the heart of hybrid and elec-
tric cars. Just as the CPU is the heart of a
PC. Intel dominates the CPU market and
we hope to be a major player on the
power module market for hybrid cars.
What is your key technology?
Bulk 4H and 6H SiC is grown by the 
sublimation method where high purity SiC
powder is placed in a crucible, which is
then heated to a temperature of about
2000oC causing the heated power to sub-
lime and grow on a single crystal SiC seed
placed at the end of the reactor.
The major problem with conventional sub-
limation reactors is the difficultly in con-
trolling the temperature distribution along
the reactor. Large temperature fluctuations
lead to defects in the growing bulk SiC
crystal and hence poor quality substrates.
We solved this problem by controlling
the current flowing though each individ-
ual RF coil used in the reactor. The 
current of each coil can be controlled
very precisely and hence eliminate tem-
perature fluctuations in the reactor. So
we monitor the current distribution and
optimise the growth conditions for pro-
ducing high quality bulk 4H and 6H SiC.
We also make our own manufacturing
equipment thereby protecting our know-
how from competitors.That is, the
growth reactor, polishing equipment and
so on.We believe that the development
of dedicated and unique manufacturing
equipment is central to materials devel-
opment.This is our key technology.
What is your production capacity?
At present we manufacture 600, two inch
wafers per month.This figure includes both
4H and 6H orientations.We intend to
increase this to 1000 per month from
March 2004.These are conducting sub-
strates,but we are working on the growth
of insulating substrates as well.We have the
means to manufacture 3 inch substrates
but the main demand at the moment is for
the 2 inch size.We have plans to produce 4
inch by the end of 2004.
What technological issues remain to be
resolved?
The micro-pipe density.We are working
to reduce the micropipe density from
the present 30/cm2 to 15/cm2.With
respect to devices, I think that SiC MOS
technology has tremendous potential. It
is a majority carrier device with very
high switching speed, so that the size of
peripheral passive components can be
reduced. It is also voltage operation. But
one of the first devices that will appear
in Japan will be Schottky diodes. Rohm
Corporation recently announced their
plan to start trial shipments in March
2004. I think that SiC MOS devices will
start to appear in early 2005.
What of your management strategy
and plans?
We started this project working with uni-
versity collaborators.This was the main
reason we achieved so much in such a
short time. Our initial work was on bulk
Dr Hiromu Shiomi chief techical officer,  SiXON Ltd
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growth and was carried out with
Professor Shigehiro Nishino of Kyoto
Institute of Technology (KIT).The epitax-
ial studies were with Professors Hiroyuki
Matsunami and Tsunenobu Kimoto at
Kyoto University and we are working on
GaN growth with Professors Akasaki,
Amano and Kamiyama at Meijo
University.
I believe that high quality SiC substrates
will always have a market. So our first
goal is to produce high quality material.
Our market is global.At the moment
Cree has about 80% of the market. But
the true size of the market is not clear
and we have to ‘create’ the market and
SiXON intends to be the number one
manufacturer of substrates in Japan. As
with other semiconductor substrates, I
expect that there will one major supplier
in Europe and Cree will probably be
dominant in the USA.
Motivated staff is also important.We have
17 full time employees and plan to hire 4
more next year including two young
graduates with doctorates from KIT with
whom we have been working over the
last few years.We are glad to see young
and talented people want join SiXON, a
small venture company.This trend is
quite different from 10 to 15 years ago
when most graduates wanted to join the
huge conglomerates.
Investment ?
The initial capital was provided by indi-
viduals, but recently we have attracted
significant venture capital from institu-
tions such as banks.We received a
¥100m  investment from the ‘Kyoto
Sangyo 21’ programme.
Recently, several large Japanese corpo-
rations have announced their intension
to manufacture SiC substrates. How do
you view such press reports?
I do not think that we can all survive. It
will be like the GaAs and Si substrate
manufacturers about 20 years ago.There
were many players in the beginning but
there are only a handful now. It will be a
competitive market.
In our case our only products are SiC
substrates. Large corporations producing
a wide range of products will have to
make some very difficult decisions about
whether to continue with SiC or move
onto other areas where they have more
experience with more chance of suc-
ceeding as a business.We are confident
that we will succeed.We are investing in
both equipment and the personnel who
will use it.
Company Profile
Name: SiXON Ltd
Established: July 1998 
Capitalisation: ¥40,000,000
Address: 47 Umezu-Takase-cho, Ukyo-ku,
Kyoto 615-8686, Japan
URL: http://www.sixon.com/
EcoTron Ltd
Minoru Ota, a former systems engineer at
Nissin Electric Co Ltd, is the president of
EcoTron Ltd.
Why did Nissin Electric decide to set up
EcoTron and initiate work on SiC
devices?
Ota: EcoTron is a wholly owned sub-
sidiary of Nissin Electric and was set up
in April 2002 to develop SiC devices.As
you may know, Nissin Electric is not a
semiconductor manufacturer, but it does
produce equipment used for the manu-
facture of semiconductors.
After market surveys there was a con-
sensus within the company to initiate
development of silicon carbide power
devices. One of the reasons for this
decision was probably the interest
aroused in silicon carbide by the 
recent national project on ‘ultra-low
loss power device technology’ using
SiC.The results of the project highlight-
ed the potential commercial applica-
tions of this technology. The manage-
ment thought that it would be difficult
to do such work within Nisshin 
Electric and decided to set up EcoTron
as a subsidiary to speed up device
development.
Can you be more specific about the
type of devices you are working on?
Nissin Electric manufactures sub-station
gas insulated switchgear power 
transformers which operate at several 
kilovolts.This equipment requires many
power devices, such as invertors, and
we want to use SiC for these 
applications.
What is your strategy for device devel-
opment and commercialisation?
Although we were confident about our
‘needs’ we did not have the ‘seeds’ to
pursue it. So we collaborated with sever-
al university professors for guidance and
support about SiC devices. Most of our
staff are from Nissin Electric, and  have
experience of working with compound
semiconductors.
From the very outset we were determined
to not just develop SiC devices, but to
manufacture and commercialise a highly
reliable device. So we decided to start
work on a device with a relatively simple
structure and chose to fabricate SiC
Schottky diodes that operate between
100kV to 1000kV at currents of 100mA to
200mA. Needless to say, SiC is ideally suit-
ed for such high voltage power devices.
EcoTron Schottky diodes
Minoru Ota, President of EcoTron
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Another application of SiC we have in
mind is for power devices used in the
DC power supply of electron beam pro-
cessing systems, or EPS, manufactured by
NHV Corp, an affiliate of Nissin Electric
and used for improving heat resistivity of
insulated wires and the quality of auto-
mobile tires.This equipment works at
above 800kV but currents of only about
35mA.
At the moment, silicon carbide devices
cannot compete directly with silicon in
terms of price but by using SiC Schottky
diodes in this kind of equipment it
should be possible to increase the
device dc switching speed, breakdown
voltage and thereby reduce the size of
the power supply unit to about half of
its present 4x1.5 meters. So we could
produce a high performance, compact
power supply for several types of elec-
trical equipment manufactured by
Nissin Electric.
What is the size of the market for your
devices?
It is difficult to gauge market size and
potential sales. But we are confident
that once we have produced a highly
reliable SiC Schottky diode, then the
market will become more apparent.
We outsource certain parts of the 
development, such as packaging, and
such interaction often yields informa-
tion and insight into potential cus-
tomers whom we would not have oth-
erwise known.
We are aiming for 3kV Schottky diodes
using 4H-SiC because such substrates
are readily available.The next year or so
will be a critical period for us.We are
aiming to produce SiC Schottky diodes
that cost less than ¥2,000 per device.
We hope that substrates manufactures
can reduce the costs of their substrates.
A rough estimate shows that we need
200 Schottky diodes per power supply,
which is about 2,000 devices per year for
this type equipment alone.
What about other applications for your
devices?
I think that eventually the major market
will be for applications related to electric
cars, but the key devices may not be
Schotkky diodes.
Initially we will produce devices for
products manufactured by Nissin Electric
and affiliated companies.At this stage, we
want to compete in terms of quality and
not numbers, or cost.
I worked as a systems engineer before
this project. Systems engineers design
circuits and systems assuming that all
the components function according to
the quoted specifications.
I was not interested in waiting for devel-
opment of new materials or devices. So,
as I said before, we are determined to
fabricate and commercialise highly reli-
able SiC Schottky diodes, after which
the market and direction to follow
should become clearer.
Do you intend to develop other kinds of
SiC devices in the future?
One of our targets eventually will be SiC
transistors.Whether they will be MOS or
bipolar is not clear yet, but we are keen
to develop such technology for use in
equipment made by Nissin Electric.
The recent SiC national project played a
major role in raising the awareness of SiC
technology in this country. The sudden
rush of announcements in late 2003 was
probably because groups who had been
working quietly behind the scenes have
reached a stage where they are confi-
dence that they have a product that will
be a commercial success.
Company profile:
EcoTron Ltd,
Address: 47 Umezu-Takase-Cho, Ukyo-ku,
Kyoto 615-8686, Japan
Capitalisation: ¥300,000,000
Established:April 2002
Related URL (in Japanese):
http://www.ecotron.co.jp/index.htm
Device and markets
await clarity
All three groups agree that it is difficult
to access market size, although Dr
Shiomi tentatively predicted a size of
¥100bn/ year for SiC substrates by
2010.
Everyone was conscious of the fact that
substrate costs would have to be reduced
to compete with silicon devices, with Dr
Nagasawa planning to produce six inch
3C-SiC substrates by 2007 at about $1000
per wafer.
The key device is not clear. Minoru Ota’s
group is focusing on Schottky diodes for
incorporating in heavy equipment manu-
factured by Nissin Electric and its affili-
ates. Hoya’s substrates have been demon-
strated to have potential for SiC MOSFET
applications. However, all the groups
indicated that electric vehicles will
become one of the main applications of
SiC technology.
This year will no doubt see other groups
in this country joining these enterprises,
with the aim of harnessing the potential
of silicon carbide, more than a century
after Dr Edward Acheson discovered
Carborundum, obtaining its patent in
1893; and naming his company
Carborundum Corporation, a venture
company, set up to commercialise SiC.
Further information:
Research and Development Association
for Future Electron Devices: http://www.
fed .or.jp/english/project/ultra_low.htm 
‘Development of ultra-low loss power
device technology project’
Kyoto Institute of Technology:
http://www.kit.ac.jp/english/index.html
Kyoto University: http://www.kyoto-
u.ac.jp/index-e.html
Meijo University: http://www.meijo-
u.ac.jp/english/index.html
EcoTron Ltd production facilities, Kyoto
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